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INTRODUCTION

All 5 of the recommendation models indicate that evacuees traveled approximately 3.33 million miles

To provide a basis of measurement and comparison, this research seeks to develop a microscopic traffic

during the evacuation. From this, it can be concluded that the each of the recommendation models are

As of the 2010 Census, the population of this area is approximately 73,043 (United States Census

simulation model of the Florida Keys to evaluate various evacuation strategies. More importantly, the

depicting the same evacuation and based on the same base model.

Bureau, 2011). The evacuation process is critical in coastal, densely populated areas because nearly

research illustrates methods to measure and quantify evacuations in an unbiased, practical, and

every member of the community is required to evacuate and use the same transportation facilities. These

repeatable fashion that is both intuitive and beneficial to state officials. Traffic volume counts collected

facilities were not designed to handle the entire area’s population. This problem is magnified even

during Hurricane Irma serves as a calibration and validation parameter for model development. Based

further in the Florida Keys because there is only one road, US-1, that connects all the islands and

on these ideas, the objectives of the research seek to better understand the evacuation process of

provides access to mainland Florida. This creates a significant problem because all 73,043 residents plus

vulnerable communities in the Florida Keys, FL to assist in the planning, mitigation, response,

a significant tourist population must use the same road and exit point. In addition to this, when US-1

recovery, and adaptation of these areas from disasters. It is also expected that the findings from this

returns to mainland Florida, the outlet is in Miami-Dade County, which is another densely populated

research can be applied to evacuations of any hazard type or location.

area that has evacuation struggles of its own. Residents of the Florida Keys must be especially cautious

To achieve this, the following methodology is followed. Data collection and analysis of the project

when creating their evacuation timeline to make sure they are not still stuck in traffic when the hurricane

study area occurs first. This research sets the basic parameters for building a microscopic traffic

hits.

simulation and the analysis that occurs. Then, the traffic simulation model is built using VISSIM. This

The Fall 2017 evacuation due to Hurricane Irma is often referenced as the largest evacuation in the

includes building the roadway network, addressing conflict areas, and including proper signals and

history of the United States. 6.5 million of Florida’s residents were places under mandatory or voluntary

traffic control measures. Calibration uses population data and traffic counts to accurately portray both

evacuation orders (Marshall, 2019). People took these orders and Hurricane Irma seriously for various

the number of evacuees and their appropriate origins. The complete model is then validated and

Recommendations that change the number of lanes, like contraflow and emergency shoulder use, had a

compared to actual travel counts during an evacuation. This verifies that the model is representative of

shorter total travel time for evacuee leaving the Florida Keys. This is expected because adding lanes

the true physical, operational, and population-based characteristics of the Florida Keys.

increases the capacity of the roadway and allows vehicles to move more quickly and freely during the

The Florida Keys is an archipelago consisting of many, small islands off the southeast coast of Florida.

reasons. First, Hurricane Irma had already destroyed many island communities including known deaths
from the storm crashing into the U.S. Virgin Islands, Puerto Rico, and other various Caribbean islands
(Savransky, 2017). In addition, this hurricane was the fifth strongest storm ever recorded in the Atlantic

Once the model is calibrated, the model can be used for its intended purpose: modeling

Ocean. So many residents of Florida had to evacuate because the “cone-of-uncertainty” was inclusive of

recommendations for improvement of the evacuation process in the Florida Keys and estimating

most of the state of Florida. The storm’s path predicted destructive storm surge to nearly all of Florida’s

emissions as part of a comparative analysis. The next step in this process is to research improvements

coastal areas – the home to a majority of Florida’s residents.

that could be modeled. This research and analysis determined which improvements have the potential to

Finally, the greenhouse gases produced by vehicles idling during each simulation was calculated and
analyzed. The below was used to convert the number of total stop delay hours, which was provided by
VISSIM, to grams of greenhouse gas emissions.

Because of the Florida Department of Transportation’s preference for emergency shoulder use and the risks

Little to no improvement was seen in total evacuation time from the current evacuation plan when using

related to contraflow, it is recommended that emergency shoulder use be implemented along US-1 in the

flashing yellow signals or conflict elimination. All three of these simulated evacuations – evacuation by

Florida Keys. Implementing emergency shoulder use reduces the delay each hour by an average of more than

zone, flashing yellow signals, and conflict elimination took approximately 65,900 hours.

60% and the total travel time for evacuees in the region by almost 10%. The travel time for each vehicle is

evacuation. It took evacuees 59,300 hours total to evacuate when implementing emergency shoulder

improved by almost 4% and provides a more consistent travel time throughout the evacuation process.
Emitted greenhouse gases would be reduced by an estimated 40% if emergency shoulder use were
implemented. This indicates that implementing emergency shoulder use may likely help move evacuees out of
the Florida Keys more quickly and safely. This decision and the results from this analysis ultimately helps
with the planning, mitigation, response, recovery, and adaptation of the Florida Keys from hurricanes and

use. For contraflow, the evacuation required 58,800 hours of driving by evacuees. Even shortening the

other natural disasters.

total number of vehicle-hours of the evacuation by more than 1,000 hours can enhance the safety and

CONCLUSION

efficiency of the evacuation.

The Florida Keys is a unique archipelago with one roadway connecting the islands and the main peninsula

As mentioned above, one of the reasons so many Florida residents evacuated was due to the large cone

be effective in the Florida Keys and ultimately which were modeled. This process was conducted in the

of Florida. This creates different challenges for the region when facing a natural disaster like a hurricane.

of uncertainty. 67 hours before landfall, the National Hurricane Center predicted that Hurricane Irma

following steps: research, which was conducted in the literature review, analyzing the feasibility of

Because of this, comparing evacuation techniques and standards of other regions can provide a baseline but

would be Category 4 storm when it strikes southeast Florida and then continue up the eastern coast. 46

different improvements in the Florida Keys, and determination of the improvements that were modeled

additional research and understanding is needed to best advance the evacuation process.

hours before landfall, the predicted path shifted to make initial landfall in the Florida Keys and then

in VISSIM. Once the improvements were determined, they were each modeled in VISSIM. The

continue moving up the west coast of Florida (United States NOAA, 2017). Because of this uncertainty

existing condition model was then modified to include these changes. Finally, each simulation of the

of the storm’s path, it is thought that residents on both coasts of the state evacuated, creating one of the

improved evacuation of the Florida Keys was analyzed in comparison to the existing conditions and

largest evacuations ever in the United States.

other improvements. The total time of the evacuation, the average travel time for a vehicle evacuating,

recommendations, and analyzing the results, was completed to achieve this. Relevant research was analyzed

Hurricane Irma made landfall in the Florida Keys – near Cudjoe Key – on September 10, 2017 at

and the environmental impact of each improvement considered.

and discussed in the literature review to gain a better understanding of the evacuation process, the

The goal of this research was to provide recommendations to the local emergency response teams and other
stakeholders for improvement in the evacuation process in the Florida Keys. A methodology, including data

.

collection, building a model of the roadways in the region, calibrating and validating the model, modeling

approximately 9am as a Category 4 hurricane. Landfall on the mainland occurred later that afternoon,

difficulties surrounding evacuations, and possible improvements that could be implemented.

right before 4 pm, just south of Naples, FL as a Category 3 hurricane (Jansen, 2017). Hurricane Irma left

Data collected included the number of lanes and their widths for each segment of US-1, population by

65% of homes – 6.7 million homes – in the state of Florida without power (O’Conner, 2017). 75

census tract, and the location of traffic control devices in the corridor. A unidirectional model was built in

Floridians died from this storm and cost residents approximately $49 billion (Wile, 2017). The lower

This total travel time, for the entire population of evacuees, can be further evaluated by analyzing the

PTV VISSIM, which included the 128 miles of roadway between Key West and Homestead, 512 approaches

Florida Keys were closed for 3 weeks following Hurricane Irma’s initial landfall in their community

results from the travel time collection used in the simulation. The time it took evacuees to travel from

where evacuees may be turning onto US-1, the appropriate traffic control devices, and other modeling

(Associated Press, 2017).

Key West to Homestead, at the end of the model, was recorded based on when a vehicle entered the

features. The vehicle inputs were then calculated from traffic counts from the Hurricane Irma evacuation and

model.

inserted into the model in the calibration phases. Adjustments were made to the inputs until the model

Because of the unique geographical situation of the Florida Keys and the devastation that can occur in

reflected the real traffic counts at two different data collection points. During validation, the traffic counts at

the Florida Keys, additional research needs to be completed to provide recommendations to the local

the final data collection location in real life were compared to the simulation, further verifying the

emergency response teams for improvement in the evacuation process. The overall goal is to better

legitimacy of the model.

understand the evacuation process in the Florida Keys, FL. This is achieved by building a model of the

Changes were then made to the base model to reflect the different recommendations: flashing yellow

Florida Keys and modeling various improvements. Network performance measures, clearance time, and

signals, conflict elimination, contraflow, and emergency shoulder use. This required adding lanes, making

vehicle emissions are analyzed. The results of this analysis are then used to determine feasible, effective

changes to the traffic control devices at intersections, and modifying connectors. These models were then

recommendations for the local governments in the Florida Keys.

run five times and the results averaged for analysis. Network performance data, travel time, and clearance

This research contributes to the body of knowledge is two different ways: model calibration and

time were all analyzed to better understand the evacuation process with each recommendation better.

emission estimates. The model calibration in this research uses traffic counts and population census tract

Both flashing yellow signals and conflict elimination were not highly effective. It is predicted that this was

data to determine trip generation, trip distribution, and vehicle occupancy in one step. This process is

caused by the low proportion of signalized intersections where these techniques could be implemented. The

further discussed in the methodology portion of this report. In addition, this research analyzes the

recommendations that change the capacity of the roadway, contraflow and emergency shoulder use, were

Delay plays a large role in both total travel time and the travel time of vehicles from Key West to

greenhouse gas emissions produced by idling vehicles during the hurricane evacuation. This is also

much more effective in improving the evacuation for residents of the Florida Keys.

Homestead. If vehicles are sitting idle, waiting for a signal to change or for waiting for their turn to

analyzed for the recommendations that are also modeled to determine which methods help reduce

merge, the total travel time for the population and the travel time from Key West to Homestead would

vehicle emissions. The results from this analysis can be found in the results portion of this report.

increase. This can be seen in the figure below which compares evacuee’s average delay – the delay
divided by the number of evacuating vehicles active in the model – for each hour.

RESULTS

Ultimately, emergency shoulder use is the best recommendation to implement in the Florida Keys.
Emergency shoulder use reduces total travel time and the average delay a vehicle faces while evacuating.
Emergency shoulder differs from contraflow in the sense that it does not require as many resources to
operate and still allows vehicles to travel in the opposing direction. The favoring of emergency shoulder use
over contraflow can be seen in policy changes made in recent years by the Florida Department of

After running the simulation five times for each of the five different scenarios, the results provided by

Transportation, as they implement emergency shoulder use on the major evacuation routes in the state.

VISSIM can be manipulated and analyzed to better understand the evacuation process of the Florida

The unique model calibration process used in this project adds to the body of knowledge but also limits the

Keys.

potential to apply the findings from this research to other communities. Estimating the emissions produced

Before getting into the analysis, it is important to note that the base model was based on the traffic

by the evacuation also adds to the body of knowledge on hurricane evacuations. In the future, research can

counts from the Hurricane Irma evacuation, where the evacuation plan of the Florida Keys, evacuation
by zone was implemented. Because of this, each of the recommendation models, which are
modifications of the base model, are really the improvement with evacuation by zone. For example,
implementing flashing yellow signals on the base model is truly flashing yellow signals with evacuation
by zone. This affects the results relating to vehicle movement and timing and is discussed further.

be conducted to further the understanding of these limits and better acknowledge the evacuation process in a
unique geographical location, like the Florida Keys. There is still so much to learn about evacuations, the
process in the Florida Keys, and ways to improve this process. This research built a model of the Florida
Keys, modified the model to reflect various improvements, and analyzed the results. Ultimately, it was
found that emergency shoulder use in combination with evacuation by zone is the best recommendation to
use in the Florida Keys.

